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University of New Hampshire, September 2010
The experiment compared the effects of Chlortetracycline (CTC), lasalocid
(L), and the combination (LCTC) on dairy heifers. Forty calves, 12 wk of age,
were assigned to control (C), L (1 mg/kg BW/d), CTC (350 mg/d), or LCTC.
Individual DMI was measured daily. Skeletal measures, BW, BCS, blood urea N
and glucose concentrations were measured weekly. Calves received an external
marker to estimate apparent total tract nutrient digestibilities. Total collection of
urine was obtained from 20 calves to determine N retention. The DMI was higher
(P = 0.01 ) for CTC versus L and C, and DMI was lower for L versus LCTC. ADG
was highest (P = 0.10) for CTC. Withers height was shortest (P < 0.01) for L. The
BCS was higher (P < 0.01 ) for CTC and LCTC. Treatments were not effective at
improving nutrient utilization or N retention. The results indicate that CTC




INTRODUCTION TO DAIRY HEIFER REARING
Raising dairy heifers from birth to the age at which they enter the lactating herd is
a primary expense for dairy producers. All dairy farms must raise replacement heifers to
offset the lactating cows that are culled in order to maintain a productive and profitable
dairy herd. Raising heifers ranks as the second largest annual operating expense behind
total feed costs (Tozer and Heinrichs, 2001). The actual costs of replacements include
feed, labor, reproduction, health, housing, and other miscellaneous items, of which feed
cost accounts for over 50% of the total expense (Cady and Smith, 2000). Preventing and
controlling disease is another important expense that farmers must monitor in order to
limit costs and benefit animal health.
Young calves are particularly susceptible to disease mainly because their
immune defense has not fully developed yet. As calves mature, they undergo a
transition from passive to active immunity. Proper colostrum intake at birth, changes in
the diet, and the immediate environment all have a lasting impact on the calf's ability to
fight disease. Typically calves were weaned at 8 weeks of age; however, recently it has
become more common to wean earlier, as soon as concentrate intake is sufficient.
Concentrate intake stimulates the production of acetic and butyric acids which are
responsible for continued development of the rumen (Baldwin et al., 2004). Weaning is a
critical time for a calf, with the transition from a liquid to a solid diet. After weaning, it is
important for the calf to receive a highly nutritious diet. Calves at this age will also be
dealing with stress of
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movement and competition for feed, further increasing their vulnerability to disease.
Preventative measures must be taken to ensure good management of calves at this age.
Producers deal with a wide variety of disease risks, but several diseases pose
the largest threat to the pre- and post-weaned calf. The most common illness is chronic
diarrhea, and it is also the most common cause of death mainly due to dehydration. The
cause of diarrhea can be bacterial, viral, protozoal, and/or nutritional, with the cause
often depending on the age of the calf. Infection from several viruses, such as rotavirus
and Coronavirus, can be prevented by a proper vaccination protocol. Bacterial and
protozoal diseases are prevented by good management of the calf's environment and, in
some cases, the use of medicinal feed additives. One common disease, coccidiosis, is
caused by a small, protozoan parasite which burrows into the wall of the lower gut.
Symptoms include mild to severe diarrhea that may contain blood. Sections of the
mucosal lining of the intestines may also be excreted. If left untreated, the result could
be death (Blowey, 1999). Coccidia are common in the environment since many animals
carry the infection at low levels without showing symptoms. The oocyst can also survive
in the environment for months. Preventative treatments include the addition of lasalocid
or monensin to calf feed (Heinrichs and Bush, 1991 ; McGuffey et al., 2001 ). These
ionophores serve as anticoccidials by reducing levels of the protozoa in the gut.
However, the most common diseases in weaned calves are most often calf pneumonia
and respiratory disease, which may lead to a lowered immune system, decreased
growth rates, and potentially death (Blowey, 1999). These diseases can be caused by
bacteria, viruses, and/or mycoplasmas. Illness usually occurs when the immune system
is compromised and there is a high population of these organisms in the environment.
Both pneumonia and respiratory problems can be prevented by proper management of
the calf's environment to include good ventilation, dry bedding, and reduced
contamination from other calves. Some preventative strategies involve intranasal
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vaccinations for the common organisms and the use of an antibiotic at sub-therapeutic
levels in order to reduce pathogen challenge and aid the immune system during
transition periods when the calf is most vulnerable. Prevention of calf diseases is crucial
for raising healthy dairy heifers with limited costs and appropriate growth rates. The
incidence and severity of disease in replacement heifers can also have carryover effects
on longevity and total lifetime production of future dairy animals (Heinrichs, 1993).
Additionally, time of first breeding and subsequently age at first calving has a
large effect on the total cost of rearing for these heifers. The quality of feed, as the
largest expense, is important, and the diet must include plenty of forage along with a
high level of protein, typically 16-17% CP (NRC, 2001). Diet preparation must target
recommended average daily gains needed to achieve proper size and weight for calving.
Proper heifer management allows heifers to be sexually mature by 13 months of age, to
be bred to conceive by 15 mo., and to be developed to an adequate body weight (560-
600 kg for Holstein cows) for a productive lactation at or before 24 mo of age (Heinrichs,
1993; Place et al., 1998). Feeding heifers for these increased gains costs more per day
than feeding for average to low gains, but rearing replacement heifers at appropriate
growth rates is an investment in the future productivity of the herd. When heifers calve at
a later age, daily feed costs may be lower, but total feed costs are higher and productive
life for these heifers is decreased (Tozer, 2000; Tozer and Heinrichs, 2001). A
Pennsylvania model for a representative 100 cow dairy indicated that by reducing the
average age at first calving by one month, a dairy producer could lower the costs of a
replacement program by $1400 (Tozer and Heinrichs, 2001). Insufficient growth from the
age of weaning to puberty to breeding age is a problem. Low body weight gain delays
puberty, breeding, and calving. It is critical that reduction of age at first calving is
associated with the minimum body weight at calving of 560-600 kg in order to minimize
dystocia and to maintain desired milk production (Heinrichs, 1993).
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Excessive growth rates prior to puberty, however, can also cause problems. The
overfeeding of energy at this point may limit protein intake and depress the secretion of
growth hormones necessary for proper growth. Studies show that gains greater than 0.9
kg per day cause mammary glands to grow larger, but they contain less secretory tissue
and increased adipose tissue leading to less milk production during the initial and
subsequent lactations (Sejrsen et al., 1982). The most important period for nutritional
influence on mammary gland growth is between 3 to 9 mo of age (Heinrichs, 1993). The
current recommended gain for pre-pubertal heifers is between 0.7-0.8 kg/d in order to
achieve appropriate breeding weight by 13 to 14 mo of age without over conditioning the
calves. Body measurements such as withers height and hip height also play a role. If
calves are in the appropriate weight range but are undersized in withers height, it is an
indicator of overconditioning. Therefore all aspects of growth must be considered.
With all of these factors considered, replacement heifer management is a
complex part of any dairy operation. Because replacement heifers are a significant
expense to the dairy producer, it is important to have detailed management of nutrition,
health, and facilities. The process begins at birth with proper colostrum management,
and it continues with the transition at weaning and into puberty and breeding age. Calf
health must be top priority during all of these steps in order to minimize susceptibility to
disease. Disease often has a lasting effect on overall growth in addition to its risk for calf
morbidity or mortality. Proper growth parameters must be managed to maximize growth
but limit any negative effects caused by excess growth or overconditioning. Age at first
calving is often the most conclusive indicator of the effectiveness of a growth program.
The age of first calving must coincide with a minimum body weight in order to prevent
calving problems. Most dairy producers target 23 to 24 mo as their age at first calving,
and any deviation from this range may be an indicator of management problems. These
recommendations were developed to not only protect animal health but also assist
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producers in minimizing expenses and maintain productive dairy cattle. Many nutritional
and management strategies are now used to enhance overall growth and the immune
system of dairy replacement heifers. Various feeding programs, management styles, or
the addition of appropriate feed additives are utilized by dairy farmers to maintain




Antibiotics are widely used to treat bacterial infections. Even with today's
technology and management skills in the agricultural industry, diseases caused by
bacteria are quite common. Manure from livestock and some livestock feeds may
contain a large amount of bacteria. In result, farms and animal housing are prime sites
for many bacterial species. The infrastructure of the US agricultural industry also allows
for transportation of bacteria across long distances. The result is an environment where
livestock are exposed to many bacterial species and are susceptible to disease.
Antibiotics are a common way to treat and prevent many diseases. Without the evolution
of antibiotics in animal agriculture, morbidity and mortality for food producing animals
would be much greater. Intensive production systems, used in swine and poultry, would
be impacted the greatest. Industries, such as beef and dairy cattle, that mainly use
antibiotics and ionophores to enhance performance, or in cases of illness, would have
less loss. However, antibiotics are used with the intentions of improving health and
performance within our livestock system in order to create a plentiful food supply at
limited costs. While management systems can always be improved first to prevent
illness, immuno-compromised animals benefit most from preventative sub-therapeutic
antibiotics. These preventative strategies are especially important for livestock that
experience poor housing, low quality nutrition, and extensive shipping and stress (Cole
and Hutcheson, 1990; Perry et al., 1986). When an animal is forced to use more energy
to initiate an immune response, catabolism begins in the body. The animal is likely to
have less energy to partition toward growth and development. Intake of energy will be
inadequate to meet both the demands of maintenance and growth. The onset of
bacterial infections mounts this response and leads to a loss in production and
profitability.
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Chlortetracycline (CTC) was first discovered in the late 1940s by Dr. Benjamin
Duggar who derived it from the soil bacterium, Streptomyces aureofaciens. The original
CTC has the trademark Aureomycin®, currently marketed by Alpharma, LLC. The newer
literature uses the term CTC, but in the 1960's and earlier, Aureomycin® was the more
common term for CTC. Chlortetracycline is used as an antibacterial drug, often in the
form of a hydrochloride salt, and it is effective against both Gram positive and Gram
negative bacteria. Because the hydrochloride salt form is more susceptible to
degradation, the Ca complex variety is the preferred form for use in animal feeds. This
preferred form is a result of a purification process to separate the CTC from the
fermentation material. Chlortetracycline's site of action is the bacterial ribosome which,
in conjunction with other components, is responsible for protein synthesis within the cell.
Once CTC gains access to the bacterial cell, it binds specifically to the 3OS ribosomal
subunit. A small portion of the product is irreversibly bound, and the remainder of the
CTC is responsible for the antimicrobial action of the drug. Chlortetracycline interferes
with protein synthesis in the cell by blocking the attachment of aminoacyl transfer RNA
to the ribosome, rendering the bacterial cell unable to reproduce (Huber, 1988; Sande
and Mandell, 1990). The molecular formula of CTC is C22H23CIN2O8 with a molecular
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Figure 1. Chemical structure of Chlortetracycline.
Chlortetracycline is commonly fed to livestock to control disease, improve
growth, and increase feed efficiency. The greatest effect in dairy calves seems to occur
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during the first 6 mo of life (Lassiter, 1955; Thomas et al., 1959). The US Food and Drug
Administration (FDA) has approved CTC as a Type A medicated feed article. This is the
most concentrated form of a medicated feed additive, and it usually contains a drug
source and carrier ingredients. A Type B medicated feed contains an animal drug along
with a substantial amount of nutrients. Nutritional ingredients must account for at least
25 percent of the feed by weight. Type C medicated feed is intended to be a complete
feed, and it can be fed as a complete feed, top-dressed, or free-choice. It is
manufactured by diluting a Type A medicated feed article or a Type B or C medicated
feed (Code of Federal Regulations, 2009). The indications for CTC use are shown in the
following table:
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Table 1. Indications for use of CTC in cattle, adapted from Feed Additive Compendium,
2001.
Animal Use Level Indications
Calves
up to 114 kg
0.1 mg/0.45 kg BW/d
10mg/0.45kgBW/d
Increased rate of weight
gain and improved feed
efficiency
Treatment of bacterial




25-70 mg/head/d Increased rate of weight




70 mg/head/d Increased rate of weight
gain, improved feed
efficiency, and reduction of
liver condemnations due to
liver abscesses
Beef cattle 350 mg/head/d Control of bacterial
pneumonia associated with
shipping fever complex

















10.0 mg/0.45 kg BW/d Treatment of bacterial






Antibiotics have shown a significant effect in reducing costs of animal food
production and have given us an opportunity to study digestive tract microorganisms in
much more detail. There have been many research studies using CTC as a growth-
promoting additive with little knowledge of how exactly the antibiotic works. While the
actual mode of action is still unknown, many researchers have found major influences of
CTC on ruminants, mostly related to changes in the digestive tract. The primary effect is
in controlling foreign bacterial infection of the animal (Perry et al., 1986). In young dairy
calves, this has the potential to reduce clinical and subclinical infections resulting in
diarrhea, and thus growth rates are maintained or improved. Chlortetracycline also
reduces intestinal mass, causing a certain amount of gut wall thinning (Baldwin et al.,
2000; Visek, 1978) which works to inhibit some digestion in the gastrointestinal (Gl)
tract. Although details are not well understood in this area, this has the potential to alter
the microorganism content of the rumen and Gl tract which will cause metabolic
changes. A reduction in overall mass of the Gl tract, , potentially via a thinning of the
intestinal wall, could increase the animal's supply of metabolizable energy along with
essential amino acids for lean mass growth (Baldwin et al., 2000; Zinn, 1993).
Additionally research has noted a hormonal response to CTC, a reduced growth
hormone and thyroid status, which may positively influence growth and tissue deposition
(Rumsey et al., 1999).
Growth Promotion
Much research has proven that antibiotics, specifically CTC, have had a positive
effect on growth and weight gain in livestock. Original research focused on poultry and
then progressed to swine, beef and dairy cattle. A benefit to the poultry business was
first discovered by Stokstad et al (1949). These researchers found a growth response in
chicks from a fermentation product of Streptomyces aureofacians (CTC) which was
greater than the response obtained from vitamin B12 (Stokstad et al., 1949). Later, a
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similar antibiotic known as streptomycin had the same improved growth rate in young
pigs (Lueke et al., 1950). Through many follow-up studies it has been established that
numerous antibiotics stimulate the growth rate of non-ruminant farm animals, but the
ruminant response was debatable because ruminants depend on bacterial synthesis in
the gut. Several studies found that CTC promotes growth and aids in reducing diarrhea
in young dairy calves (Bartley et al., 1950; Loosli and Wallace, 1950; Rusoff, 1951).
Bartley et al. (1950) studied CTC supplementation of 12 pre-ruminating calves and
observed increased gains. They attributed the responses to a reduction in diarrhea and
improved overall health in CTC fed calves. The following year, Rusoff (1951) found an
increase in gain of approximately 35% in the first 6 weeks when feeding a CTC
supplement at 2% of the grain ration. After the first 6 weeks, positive effects of CTC
were reduced with increasing age, indicating that ruminai development may play a role.
Other studies found some detrimental effects of feeding CTC, noting lambs went off
feed, lost weight, and experienced incidences of diarrhea (Colby et al., 1950). Bell et al
(1950) also observed a 50% decrease in crude fiber digestion of CTC-fed steers.
Researchers, however, point out potential species differences, ruminant maturity, and
type of ration used as contributing factors to the negative effects observed when
antibiotics were fed (Rusoff, 1951; Rusoff et al., 1954). Increased feed consumption was
seen in a study that investigated introduction and removal of CTC in the diet of post-
weaned calves. Increased feed consumption, average daily gain, and body
measurements were apparent for CTC-fed calves versus controls. Researchers posed
the idea that selective action of CTC on bacteria of the Gl tract let more favorable
bacteria grow to promote overall health and enhancement of appetite in these calves
(Jacobson et al., 1952).
A Louisiana study gave young calves 400 mg of CTC by intramuscular injection
once weekly, and growth was increased by 30% over controls. Additionally, CTC-fed
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(50-90mg daily) calves showed a 20% growth increase over controls (Rusoff et al.,
1954). A significant increase in height at withers was also noted for all antibiotic
supplemented calves within this study. Rumen analyses showed no changes to the
rumen microorganisms and environment. The authors suggested that the growth
stimulation is not due to action in the rumen, but may actually be due to an increase in
bone metabolism (Rusoff et al., 1954). Bush et al. (1959) fed 16 calves starting at 4 d of
age for 16 wk, and the CTC-fed calves consumed more feed and gained (P < 0.05) more
weight than the control calves. Interestingly, the greatest percentage of weight gain
occurred in the first 4 wk of the experiment, although the effects were more consistent
during the last 5 wk. The researchers saw an increase in feed consumption in CTC-fed
calves which they assumed to be the reason why calves showed greater weight gain
and skeletal growth. However, they did conclude that growth promotion was not due to
an improvement in the digestibility of feeds (Bush et al., 1959). Landagora et al. (1957)
observed 54 newborn Holstein and Jersey calves from birth to slaughter at 12 or 16
weeks of age. Calves were under one of 3 treatments (control, CTC-fed, or CTC-
injected) during the study. All CTC calves gained faster and consumed less TDN per
pound of weight gain (P < 0.01). Chlortetracycline calves also had heavier carcass
weights (P < 0.01) and physical measurements of carcasses increased (P<0.01).
Additionally the CTC-fed calves showed a higher quality carcass than the controls and
the CTC-injected calves. The researchers indicated that growth promotion was due to an
increased efficiency in nutrient utilization resulting in increased overall body growth,
including bone and muscle weights and measurements. They also noted that the mode
of action may involve the endocrine system (Landagora et al., 1957).
Klopfenstein et al. (1964) evaluated ruminai metabolism of CTC-fed lambs, but
they did not see changes in bacterial concentrations of the rumen. However, they did
observe an increase in dry matter and apparent N digestibility in CTC-fed calves. A
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review of the mode of growth promotion by antibiotics analyzed past research on
antibiotics and their potential modes of action (Visek, 1 978). The author noted that
quantitative changes in populations of microbial species in the Gl tract of ruminants were
not observed, with the exception of Hungate et al. (1955) who reported in vitro evidence
that ruminai microbial changes can occur in response to CTC feeding. The author then
poses that changes in the Gl tract are still occurring to promote growth and continues to
discuss the alteration of tissue metabolism and a certain degree of intestinal thinning
which could lead to improved nutrient utilization. However, he still calls for a closer look
at mode of action of antibiotics in future research (Visek, 1 978).
Very little research was conducted from the 1960's to the mid 1980's on the use
of CTC and its effect on cattle, probably due to its well-established use as a growth
promoter in food animal production. Perry and Mohler (Indiana) and Riley and Pope
(Kansas) conducted two similar experiments to study the effects of various CTC levels
on the performance of recently arrived feedlot cattle (Perry et al., 1986). The researchers
observed increased gains and feed efficiency in steers weighing approximately 200 kg
when fed CTC (350 mg/head/d) at feedlot arrival compared to controls. The increased
gains were most significant during the first 28 days, with no difference occurring by the
end of the 56 d period. Location, Indiana or Kansas, did not affect daily gains, but it did
affect dry matter consumption. This was most likely due to a difference in energy content
of the diet between locations. The Indiana cattle consumed less dry matter per day (P <
0.01 ) and needed less feed per kg body weight gain (P < 0.01 ) while on a diet with a
larger proportion of corn silage than the diet for cattle in Kansas. The results indicate
potential nutritional and management factors which could affect the response of cattle to
CTC in the diet (Perry et al., 1986).
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Chlortetracycline and Improved Health
In addition to growth promotion, CTC can work to improve overall health of
calves and young stock, and it is often used to prevent incidences of shipping fever.
During the movement from one location to another, feedlot calves of the beef industry
often face periods of feed and water deprivation in addition to other stressors. During
this time of deprivation, ruminai activity is reduced and nutrient reserves are often
depleted (Cole and Hutcheson, 1981). Calves may face exposure to bacterial diseases
such as bovine respiratory disease (BRD), bacterial enteritis, and bacterial pneumonia.
The indirect cost of these diseases is low immune response and reduced growth rate
which lead to an increased risk of culling or death before entry into the milking herd.
When incidences of sickness are reduced, the cattle have a greater ability to maintain or
increase growth rates.
Chlortetracycline is often used during times of transition to prevent the greater
threat of bacterial infections due to lowered immune responses. In the dairy industry,
heifers experience stressors at weaning age and during the transition to group housing.
Typically the US dairy industry raises preweaned dairy calves in individual housing, and
they are moved to group housing post-weaning. Potential stressors include
transportation, nutritional changes, environmental variations, and social interactions.
During this time, an anti-microbial feed additive can be beneficial in preventing disease
outbreak. Early research indicated that when CTC is fed, there is a consistent decrease
in incidences and severity of diarrhea which often plague young calves (Bartley et al.,
1950; Loosli and Wallace, 1950; Rusoff, 1951). However, BRD is the primary disease
that calves are susceptible to post-weaning and at times of transport. Typically it
develops due to an environmental stressor and/or a viral infection. This weakens the
ability of the lungs to fight off infection, resulting in bacterial colonization in the lungs
(Yates, 1982). In small beef lots, 8.7% of cattle are treated for BRD, and large feedlots
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treat 15.5% of cattle (USDA, 2000). One Minnesota study observed a case fatality rate in
dairy calves of approximately 9% due to BRD (Sivula et al., 1996). The National Animal
Health Monitoring Service (NAHMS) reports that 6% of dairy heifers (post-weaning to
first calving) were treated for BRD in 2007 (USDA 2007). Stanton et al. (2010) found that
calves treated for BRD had lower weights and heights compared to healthy calves. The
researchers also noted that an antimicrobial preventative treatment would be beneficial
when management systems are unable to control BRD. While it is important for farmers
to utilize preventative measures such as good colostrum management, proper
vaccinations, and improved ventilation, some stressors cannot be avoided.
Chlortetracycline is now a widely utilized additive for many pre-weaned and post-weaned
calf diets in order to lessen the disease risk during this critical age.
Feed Efficiency
Feed efficiency can be described as the amount of feed necessary to produce
one unit of weight gain. It is a common term used in beef nutrition and for rearing dairy
replacement heifers. Feed efficiency can be raised by utilizing a number of management
and nutritional strategies. Dairy farmers look to optimize feed efficiency in order to raise
heifers with less associated costs, thus improving their profitability. Chlortetracycline has
been utilized as an additional tool in the diet of cattle to improve feed efficiency. Perry et
al. (1986) observed an 8% increase in feed efficiency (P < 0.05) compared to control
when feeding 350 mg/head/d CTC to 200 kg steers for 56 d. Earlier research found both
Jersey and Holstein calves to have improved feed efficiency when fed CTC from 3 to 90
d of age. Calves within the study were dosed with 50 mg/calf/d from 3 to 60 d of age and
100 mg/calf/d from 61 to 100 d of age (Thomas et al., 1959). Additionally Murley et al.
(1952) noticed higher weight gains, increased feed efficiency, and reduced diarrhea in
calves fed CTC for 54 d. In another study, researchers found that feedlot calves fed CTC
(75 mg/head/d) were 20% more feed efficient than those fed a diet with no CTC (Perry et
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al., 1954). A Louisiana experiment dosed calves with CTC (50-75 mg/head/d) from 3d of
age to 12 or 16 weeks, and significant increases in weight gain and feed efficiency were
observed compared to controls (Landagora et al., 1957). Both Jersey and Holstein
calves showed these increases (P < 0.01) in TDN consumed per kg of body weight
gained (Landagora et al., 1957). A more recent study (Reid et al., 2006) found no
significant increase in gain or feed efficiency when yearling heifers were supplemented
with CTC for 9Od. This could indicate a lessened effect of CTC as the heifers mature,
and additionally the authors point out that it was an intensely managed facility with low
competition for shelter and feed (Reid et al., 2006). While the majority of research in
young dairy calves supports an overall increase in feed efficiency due to CTC,
information is still needed on the antibiotic's effect on maturing ruminants.
Hormonal Effect
Some studies (Landagora et al., 1957; Reid et al., 2006) have suggested a
potential effect of CTC on the hormonal balance of cattle. Certain induced hormonal
changes may have an impact on tissue metabolism. The hormonal relationship between
the hypothalamus, pituitary, and the thyroid gland is known as hypothalamo-pituitary-
thyroid axis which involves thyrotropin-releasing hormone (TRH) and thyroid stimulating
hormone (TSH). Thyrotropin-releasing hormone, released from the hypothalamus,
promotes TSH and prolactin secretion. Thyroid stimulating hormone, released from the
pituitary, targets the thyroid gland for secretion of thyroid hormone which then has
widespread effects on metabolism in the body. Additionally, growth hormone (GH) is
secreted by the pituitary to act on liver, bone, muscle, and fat tissue to promote
widespread tissue growth. Growth hormone also induces a response from the liver and
other tissues to produce additional stimulants such as insulin-like growth factors (IGF-I
and II) or somatomedins. These additional stimulants act on target cells throughout more
tissues to prolong the effects of GH. All of these hormones have a direct impact on
16
protein synthesis, lipid metabolism, carbohydrate metabolism, and even electrolyte
balance (Saladin, 2007). Changes to the balance of this axis can cause changes to
metabolism, and possibly an even larger impact on the growing ruminant.
The majority of research relates antibiotic growth promotion in ruminants to
changes in the digestive tract microorganisms or digestive tract thinning (Visek, 1978).
However, the mechanism for growth promotion is still unknown, and some researchers
indicate that the action of CTC may not be in the rumen. An early study by Rusoff et al.
(1954) showed no effects of CTC on the rumen or small intestine. However, they
observed heavier weights, larger carcasses, and more bone mass in CTC-fed calves
versus control. Another early study found that CTC had no effect on digestibility for any
feed nutrients during a 12-week trial (Lassiter et al., 1955). With the rumen of the calf
dismissed as the site of action, Rusoff et al. (1954) postulated that CTC might stimulate
the pituitary gland to produce more GH which caused greater bone metabolism and
overall growth. Landagora et al. (1957) also cited the need for more research on the
potential action of CTC on the endocrine system after they observed increased growth
rates along with heavier carcass weights and quality. More recently, researchers
determined that a combination of CTC, sulfamethazine, and penicillin fed to pigs
increased plasma concentrations of insulin-like growth factor I (IGF-I) (Hathaway et al.,
1996). They also observed increased weight gain and feed intake in the supplemented
pigs (Hathaway et al., 1996). Because IGF-I stimulates growth of a wide variety of
tissues, it is believed to be important to regulation of growth and development. Rumsey
et al. (1999) discovered that CTC supplemented steers showed a reduced sensitivity of
the pituitary gland to a releasing hormone challenge, specifically thyrotropin-releasing
hormone and GH-releasing hormone. The researchers suggested that the response of
the pituitary and subsequently its effect on GH may be the pathway by which CTC
changes tissue deposition in ruminants. In a companion study, these researchers also
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observed increased longissimus fat cover for CTC-fed steers, which is consistent with
reduced thyroid status (Rumsey et al., 2000). However, Reid et al. (2006) found no
improvement in growth parameters and no significant difference in mean sera thyroxin
(T4) concentrations when supplementing CTC to yearling dairy heifers.
Chlortetracycline's potential effect on the endocrine system, more specifically the




lonophores are used extensively in the cattle and poultry industries. The term
ionophore is used to describe a class of additives fed to poultry and cattle to improve
feed efficiency, increase rate of gain, and control coccidiosis. lonophores, carboxylic
polyether ionophore antibiotics, selectively target specific bacterial populations in
ruminants with the goal of improving energy efficiency (Bergen and Bates, 1 984). Trade
names for some of the most common ionophores are Rumensin® (monensin),
Cattalyst® (laidlomycin), and Bovatec® (lasalocid). First approved in 1971, monensin
was initially used with broilers to control coccidiosis. In 1975, FDA approved monensin
for use in cattle specifically for improvement of feed efficiency. Much research followed
to look at many different ionophores and their potential effects on ruminants. The
following is a table describing indications for use of common ionophore antibiotics by the
year 2000:
Table 2. Approved uses of ionophores in US livestock, adapted from Feed Additive
Compendium, 2001.
Indications for Use
Ionophore Control of Coccidiosis Feed Efficiency Rate of Gain
Laidlomycin C C
Lasalocid B, C, S, T C C
Maduramicin B




Animals are: B = broilers, C = cattle (except lactating dairy), G = goats,
S = sheep, and T = turkeys.
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In 2004, the FDA approved monensin in for increased milk production efficiency
in lactating dairy cattle when fed as a component of a total mixed ration, and a year later,
it was approved in component feeding systems as a top dressed ingredient.
Chemistry
Classified as an antibiotic, ionophores are toxic to many bacteria, protozoa, fungi,
and some higher organisms. The molecular weights of ionophores are usually anywhere
from 500 to 2000 g/mol (Russell and Strobel, 1 989). Ionophores have polar and
nonpolar regions that entrap cations and interact with membranes. Oxygen atoms are
positioned throughout the molecule to create a cavity capable of entrapping a cation. All
ionophores share a common mode of action; however, cation specificity and potency
differ among products. The attachment to bacteria facilitates the movement of cations
across cell membranes. In the case of monensin and laidlomycin, a monovalent cation is
exchanged for a proton. In contrast, lasalocid facilitates an exchange of a divalent cation
for two protons (Pressman, 1976). The hydrogen bonding between the oxygen atoms
and the cation is referred to as the ionophore-cation complex. The complex attaches to
the bacteria and becomes solubilized in the lipid bilayer of the cell membrane. The
cation is then exchanged for a proton. Primary and secondary ion exchanges result. The
reactions occur very rapidly, and the exchanges lead to reduced intracellular K+
concentration, lower pH, and greater intracellular Na+ concentration. Bacteria, primarily
Gram positive species, are forced to utilize cellular transport systems to reduce the
intracellular H+ and Na+. They do this by initiating proton-ATPase and sodium-ATPase
pumps that expel H+ at the expense of one ATP for each proton. Energy reserves
quickly become scarce, leading to a lowered ability for bacterial cell division. The
reduced intracellular K+ also potentially reduces protein synthesis rates. While the
bacterial cells may not die off, they are rendered incapable of any normal function
(McGuffey et al. 2001).
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Mode of Action
Improving efficiency of ruminai fermentation has been a common goal among
nutritionists for a very long time. Shifts in overall ruminai fermentation have the potential
to enhance the overall productive efficiency of the animal. While manipulations of diets
are common, many additives are available that have been shown to better improve
efficiency. Bergen and Bates (1984) describe three major areas of metabolism that can
account for improvements when ionophores are fed: increased efficiency of energy
metabolism by ruminai bacteria and the animal, improvement in N metabolism by
ruminants, and decreased incidence of digestive disorders such as acidosis and bloat.
Typical anaerobic fermentation derives energy from substrate oxidation when
electrons (and hydrogen) are transferred to acceptors other than oxygen. The reduced
products are mostly volatile fatty acids (VFA) and methane. It is well known that
fermentation is not efficient, with up to 1 2% of the intake energy of feeds being lost as
eructated methane (McGuffey et al. 2001). Ionophores have been shown to aid in
manipulating fermentation to improve efficiency and animal performance. They tend to
increase propionate production in the rumen which is coupled by a decrease in methane,
acetate, and butyrate productions (Russell and Strobel, 1989). Typically, a large loss of
methane is associated with the production of acetic and butyric acids as opposed to
propionate in the rumen. Once monensin was approved for use in the cattle industry,
much of the research focused on the changes in VFA production and a drop in methane
production induced by ionophores. McGuffey et al. (2001) proposes that diverting
hydrogen to end products other than methane can capture more digestible energy from
fermented organic matter which is a much more efficient use of energy from feed. The
methane levels expelled into the atmosphere are also decreased. Richardson et al.
(1976) fed monensin to feedlot cattle for 148 d and took ruminai samples to analyze VFA
concentrations. The molar concentration of propionate as a proportion of total VFA
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increased (P < 0.05) from 0.32 for control to 0.44 for cattle fed 500 mg of monensin per
day. Molar concentrations of acetic acid and butyric acid decreased with the 500 mg
dose of monensin compared to control; from 0.56 to 0.48 and 0.07 to 0.05, respectively.
The proportion of each specific VFA is directly related to the population of bacteria that is
vulnerable to ionophores. The bacteria that produce lactate, butyrate, formate and H2 are
sensitive to ionophores (in this case monensin and lasalocid). The ionophores increased
propionate production by selecting for the enhancement of succinate producers and
lactate fermenters. This creates a bacterial population in the rumen that produces less
acetate, butyrate and methane while propionate production is increased (Dennis and
Nagaraja, 1981).
A large portion of protein consumed by ruminants is fermented to ammonia and
VFAs by microorganisms in the rumen. Ammonia typically accumulates in the rumen as
it exceeds an amount that can be utilized by certain microbial species. The excess
ammonia is absorbed across the ruminai wall and is converted to urea by the liver. Much
of the urea is then excreted via urine, while some is recycled back to the rumen through
saliva. High concentrations of urea found in urine are an indicator of excess N not
utilized by the body. Researchers found that monensin decreased ammonia production
in vitro (Van Nevel and Demeyer, 1977) and in vivo (Dinius et al. 1976) which could lead
to a sparing of protein for metabolic uses as noted by Russell and Strobel (1989).
Ionophores have the potential to reduce proteolysis and deamination in the rumen,
leading to a larger portion of protein that reaches the small intestine. However, Wessels
et al. (1996) concluded that when Holstein steers were supplemented with lasalocid,
there was no alteration in protein degradation within the rumen or post-ruminal flow of
amino acids. Differences in diet composition and N sources are often blamed for the
variable results among studies. Ricke et al. (1984) did not find any evidence of an
interaction between protein degradability and lasalocid's effects when looking at varied
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protein sources. In lactating cows, milk protein has been shown to increase as a result of
feeding ionophores. This has been described as a decrease in ruminai proteolysis and
subsequently ruminai ammonia concentrations with a possible increase in the escape of
RUP to the small intestine (Knowlton et al, 1996). Therefore more will be available for
additional production of milk protein.
Animal Performance
Various feed additives used in animal agriculture, including ionophores, have the
ability to enhance the growth and feed efficiency of ruminants. The potential benefits of
feeding ionophores to growing dairy heifers include increased feed efficiency during
growth, decreased age at first breeding and decreased age at first calving. Much early
research for ionophores focused on the performance of growing beef cattle.
Researchers in Indiana found that efficiency of feed utilization for gain in growing beef
steers (48 steers averaging 347 kg) was improved with varying levels of monensin
supplementation, with the most effective being the 500 mg dose (Raun et al., 1976).
These researchers used feedlot cattle on a high concentrate diet and observed
decreased intakes in monensin fed cattle with equal gains compared to control steers.
Potter et al. (1976) found that daily gain was increased by 17% when pasture-fed beef
cattle were supplemented with 200 mg/head/d of monensin. The authors note that when
compared to results of feedlot trials, the monensin provided more net energy per unit of
feed consumed in the pasture system. In the feedlot study (Raun et al., 1976), monensin
caused cattle to consume less feed and gain at the same rate. Regardless of the feeding
system, research indicated that monensin ultimately increased feed efficiency of beef
steers. A study (Goodrich et al., 1984) analyzing performance data from 228 trials
involving 1 1 ,274 head of cattle was done by the University of Minnesota. Researchers
observed that cattle fed monensin-containing diets gained 1 .6% faster, consumed 6.4%
less feed, and required 7.5% less feed/100 kg gain than cattle fed the control diets
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(Goodrich et al., 1984). The authors also note that their data review indicates beef cattle
may be maintained on about 10% less feed when supplemented with monensin. Bartley
et al. (1979) observed that both monensin and lasalocid decreased feed intake and
improved feed efficiency in Holstein heifers, with no differences between the two
products on animal performance. Additionally, New York researchers found ADG of
steers fed lasalocid to be higher (P < 0.01; 0.73 kg) than that of monensin supplemented
steers (0.52 kg; Thonney etal., 1981). Berger et al. (1981) compared two varieties of
lasalocid and monensin to a control diet with 96 steers in a feedlot on a high concentrate
diet. Steers fed pure lasalocid gained more weight per day (P<0.05) than mycelia-cake
lasalocid, monensin, or control. These steers also had the highest feed intake, but still in
improved feed efficiency versus all other treatments. Feed efficiency for pure lasalocid
fed calves was 10% more than control, compared to 3.4% and 4% for mycelia-cake
lasalocid and monensin fed calves, respectively (Bergeret al., 1981). Monensin and
lasalocid has been rotated in a feedlot situation for avoidance of microbial adaptation.
Morris et al. (1990) analyzed data from 212 yearling steers over a 133 d feeding trial.
Researchers found a trend (P < 0.10) indicating a daily rotation of lasalocid and
monensin plus tylosin increased gains 8.6% over continuous feeding of monensin plus
tylosin and 7.9% over no ionophores in the diet. Daily gain of steers fed lasalocid only
did not differ significantly from those on the rotation.
While there were numerous studies looking at the effect of ionophores on beef
cattle to this point, limited research had been done on dairy cattle for improved
performance. In 1982, Baile et al. investigated rates and efficiency of gains in growing
Holstein heifers. Three levels of monensin (0, 200 mg, and 600 mg per head) were fed
to growing heifers (initial weight =196 kg) until calving. Feeding monensin caused a
0.09 kg increase (P<0.05) in weight gain compared to control heifers, and heifers fed
200 and 600 mg of monensin were 12.6% and 13.4% more effective at converting feed
24
to gain than control heifers. However, a study comparing two groups of Holstein heifers
found that monensin had no effect on body weight, average daily gain, skeletal
measures, or body condition score (Meinert et al., 1992). Limited research had been
done on lasalocid's effect on dairy heifer performance, until Steen et al. (1992) evaluated
the effects of feeding lasalocid (0 or 200 mg/head/d) and rumen undegradable protein
(RUP) levels (32% or 42 % of CP) to 32 Holstein heifers. Heifers showed a trend (P <
0.10) for slight increases in gain with lasalocid feeding or increased RUP in the diet, but
the combination of high RUP and lasalocid feeding indicated a potential decrease in
growth parameters. Most likely due to a lack of RDP and an excessive amount of RUP
reaching the small intestine, with a large portion not being absorbed.
The effects of ionophores on performance have also been monitored in young
dairy calves. Anderson et al. (1988) studied 22 neonatal Holstein bull calves with
lasalocid supplementation in milk and starter feed after an early weaning age of 3 wk.
The researchers reported that calves fed lasalocid had greater feed intakes, body weight
gains, and overall ruminai activity after 6 wk of age than the calves fed no lasalocid in
the diet. Another study compared several methods of feeding lasalocid in a calf rearing
program with treatments including: no lasalocid; lasalocid added to starter; lasalocid
added to prestarter and starter; and lasalocid added to milk, prestarter, and starter
(Eicher-Pruiett et al., 1992). The combination of all three methods (milk, prestarter, and
starter) showed the greatest daily gain during the first 6 wk, and these calves showed
less variation in days to weaning. The milk, prestarter, and starter group and control
group were weaned earlier than the other treatments. Interestingly, by wk 8 through 12,
researchers reported no differences in gain between all treatments. The researchers
suggested that all three methods be used to encourage an easier transition to early
weaning in dairy calves. Quigley et al. (1997) observed calves fed lasalocid in milk
replacer consumed more calf starter and showed higher weight gains than calves fed no
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Iasalocid or lasalocid only in calf starter. The 48 Holstein bull calves in this study were
also challenged with oral inoculation of coccidia during the study. However, the
researchers reported the greatest impact of lasalocid on young calf growth and health
was during milk replacer supplementation.
Ionophores as anticoccidials
Coccidiosis is a disease that can cause morbidity and mortality in calves,
primarily in calves less than 1 yr of age. In a dairy operation, this disease can cause
significant economic losses and animal health concerns. Coccidiosis is caused by a
small protozoal parasite, of the genus Eimeria, which is common in the environment.
Calves are infected by ingestion of sporulated oocysts, Eimeria bovis and/or Eimeria
zurnii, via water, feed, pastures, or grooming. Calves often carry the infection in their
lower gut without showing symptoms. When the population of coccidial oocytes reaches
a certain level in the calf's gut, symptoms are shown. Anticoccidials have been used
successfully in calf feed in order to reduce the incidence and severity of these infections.
Conlogue et al. (1984) compared medicated diets of either lasalocid or decoquinate in
22 Holstein bull calves inoculated with coccidia. The researchers observed no diarrhea
in calves challenged with coccidia, unless the anticoccidial was removed from the diet. In
an Ohio study, the researchers observed consistently increased weight gains in calves
given an anticoccidial compared to non-medicated calves under natural exposure to a
coccidian, though results did not show significance (Hoblet et al., 1989). Heinrichs and
Bush (1991) also reported reduced severity of coccidiosis in calves treated with
anticoccidials, lasalocid or decoquinate, with decoquinate being the most effective
treatment in reducing fecal oocyte counts. Both medicated groups experienced higher
gains than unmedicated control calves during wk 12 through 16. Additionally, Quigley et
al. (1997) found calves fed lasalocid in milk replacer consumed more milk replacer and
calf starter grain and exhibited greater body weight gains compared to the unmedicated
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control calves. Medicated calves also shed fewer oocysts (Eimeria species) and had
less frequent episodes of diarrhea when compared to calves not medicated or
supplemented with lasalocid in the calf starter only. Researchers (Quigley et al., 1997)
noted that lasalocid was most effective while supplemented in milk and no additional
benefits were seen when supplemented in both milk replacer and calf starter. When
Berger et al. (1981 ) supplemented two forms of lasalocid or monensin to steer calves
(initial weight = 253 kg), all calves consuming medicated rations had reduced incidence
and concentration of coccidia. With such a positive response through the literature,
lasalocid and other ionophores have been widely accepted as anticoccidials in calf feeds
to reduce incidence of coccidiosis in beef and dairy herds. The use of ionophores as
anticoccidials promotes improved animal health and increased growth rates, and may be
an economical method to increase performance of dairy heifers.
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CHAPTER II
THE EFFECTS OF CHLORTETRACYCLINE, LASALOCID, AND THE COMBINATION
ON GROWTH, HEALTH, APPARENT TOTAL TRACT NUTRIENT DIGESTIBILITY,
AND NITROGEN RETENTION ON POST-WEANED DAIRY HEIFERS
Introduction
Raising replacement dairy heifers from birth to their entrance into the lactating herd is a
large expense to dairy producers. A Pennsylvania study reports that heifer rearing ranks as the
second largest annual operating expense behind total feed costs for the herd (Tozer and
Heinrichs, 2001). The actual costs include feed, labor, health, and housing among others. Any
disease outbreak can largely increase these costs. Farmers must monitor their disease risk in
order to limit costs and benefit the overall health of the herd. Chlortetracycline (CTC) is a
common antibiotic used in the livestock industry at sub-therapeutic levels in animal feeds. This
feed additive is effective at increasing weight gain, improving feed efficiency, and controlling
bacterial infection. While much research supports the growth promotion abilities of CTC, the
mode of action is still unclear (Visek, 1978). Perry et al. (1986) observed that the primary effect
of CTC is in controlling foreign bacterial infection; however, other researchers report changes to
the mass of the Gl tract leading to an increased supply of metabolizable energy and essential
amino acids to promote lean mass growth (Baldwin et al., 2000; Zinn, 1993). Other research
dismisses these changes, and scientists suggest that CTC may play a role in the endocrine
system, specifically in increased tissue metabolism (Landagora et al., 1957; Rumsey et al.,
1999).
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Lasalocid, an ionophore, ¡s another feed additive used extensively in the cattle
and poultry industries to improve feed efficiency, increase rate of gain, and control
coccidiosis. Bartley et al. (1979) observed that the ionophores, monensin and lasalocid,
decreased feed intake and improved feed efficiency in Holstein heifers, with no
difference in animal performance between the products. Ionophores change ruminai
fermentation to increase propionate production and decrease methane, acetate, and
butyrate production (Russell and Strobel, 1 989). This action results in more efficient use
of energy from feeds, and potentially, a larger portion of protein could reach the small
intestine for metabolic uses (McGuffey et al., 2001 ).
In 2006, the Food and Drug Administration (FDA) approved the use of the
combination of CTC and lasalocid for optimization of weight gain and feed efficiency
while controlling coccidiosis, bovine respiratory disease, and other disease risks. Due to
the differing modes of action, this experiment was conducted to compare the effects of
CTC, lasalocid, or the combination on digestibility of nutrients and N utilization by the
animal while measuring growth parameters and monitoring overall health. Improvement
of feed efficiency and management of weight gains in dairy heifer replacements are
important goals of dairy operations. The more efficient use of nutrients, specifically N,
can improve overall lean mass growth, but can also decrease the amount of N excreted
into the environment via feces and urine. The purpose of this experiment was to analyze
the effects of CTC and lasalocid on post-weaned dairy heifers, specifically on health,
growth parameters, digestibility of feedstuffs, and utilization of N. Given the potential
modes of actions of both products, CTC and lasalocid in combination may improve
growth, increase overall digestibility of nutrients, and limit excretion of excess N into the
environment. There was no previous animal performance data available in the literature
for the combination product.
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MATERIALS AND METHODS
Experimental Design and Treatments
Forty Holstein heifers at 12 wk of age were assigned randomly to one of four
treatment groups in a randomized complete block design. They were blocked by four
according to date of birth with treatments fed for 12 wk. The four treatments included: 1 .
control (C) with corn meal (25 g) 2. corn meal and Chlortetracycline (CTC; 350 mg/d;
Aureomycin® 90, Alpharma Inc., Fort Lee, NJ); 3. corn meal and lasalocid (L; 1.0 mg/kg
body weight/d; Bovatec® 91, Alpharma Inc., Fort Lee, NJ); and 4. corn meal, CTC, and
L. The research was approved on July 2, 2008 by the University of New Hampshire
Animal Care and Use Committee (#080501).
The experimental diet and treatment period began at 12 wk of age, following a 7
d covariate period. For the first 4 blocks, calves began treatment and diet at 10 wk of
age, but due to transition problems related to excess stress on the calves during training
for the individual feeding system, the study was delayed to 12 wk of age for the
remaining 6 blocks. The ingredient composition of the experimental diet and the diet fed
during the covariate period is presented in Table 3. All feed ingredients were sampled
before the start of the experiment and analyzed for CP, NDF, and ADF to assist in
determining the final formulation of the experimental diet (Dairy One Inc.; DHI Forage
Testing Laboratory; Ithaca, NY; Green Mountain Feed Testing Laboratory; Newport, VT).
The experimental diet was formulated to achieve 80% forage and 20% concentrate on a
dry matter (DM) basis. A diet meeting NRC (2001 ) requirements for 0.81 kg/d ADG was
fed for the 12 wk period. Forage analysis changes were monitored throughout the study,
and diets were balanced to maintain adequate gain. Rumen degradable protein was
specifically targeted to be at positive balance, approximately 0.09 kg/d in excess, based
on results from Cole (1999) that showed increased performance with high RDP diets.
30
Management and Feeding
Calves were weaned at approximately 6 wk when appropriate starter grain intake
was observed (according to standard operating procedures of the Fairchild dairy). They
were fed a total mixed ration (covariate diet, Table 3) at 7 wk of age. All calves were
housed in a naturally ventilated nursery with individual calf pens prior to the study.
However, due to the transition problems with blocks 1-4, blocks 5-10 were moved into
super-hutches (Calf-Tel; Hampel Corporation; Germantown, Wl) with 2-3 other calves,
from 10 to 12 wk of age, to allow for adjustment to group housing. This created a more
gradual transition, less stress, and more efficient training. For the research study, the
heifers were housed in a naturally ventilated free stall barn with mattress covered stalls
(129.5 cm ? 72.5 cm), bedded lightly with kiln-dried sawdust. There was no competition
for stalls, and water was provided ad libitum. Heifers were fed their typical diet (covariate
diet, Table 3) and trained to use Calan feeding doors (American Calan; Northwood, NH)
for 7 d before the treatment period began. Heifers were trained by assisting with entry
and exit until they could enter and exit the doors on their own. A record of morbidity and
required treatments was kept to monitor health status of calves.
Animals were fed the experimental TMR (Table 3) individually at 073Oh daily, and
the feed was mixed and delivered using a mobile feed cart (Data Ranger; American
Calan, Inc.; Northwood, NH). The diet was fed to obtain 10% orts and the feed amounts
were adjusted in respect to individual intakes. Treatments were top-dressed and hand
mixed with a fork into each calf's feed. The feed was stirred and pushed up multiple
times daily to encourage intake and prevent sorting of feed particles.
31
Treatment Analysis
Type B products (North American Nutrition Co.; Lewisburg, OH) containing CTC
or lasalocid were analyzed for concentration of product several times throughout the
study (Alpharma Inc.; Customer Analytical Support; Chicago Heights, IL).
Feed intake, Sampling and Analysis
The amount of feed offered and refused was measured daily. Diet, ort, hay crop
silage and corn silage samples were collected for biweekly determination of DM and
particle separation. A portion of each sample was composited biweekly (100 g/d) and
frozen (-200C) for later analysis. Frozen samples were thawed, dried in a forced hot-air
convection oven at 60°C for 24 h (VWR Scientific Inc.; Westchester, PA), ground through
a 1-mm screen using a Wiley Mill (Thomas Scientific; Swedesboro, NJ) and composited
into monthly samples. A sample of covariate diet and orts, experimental diet, each ort by
treatment, haycrop silage, and corn silage was submitted as a monthly composite for
chemical analysis by AgriKing Inc. (Fulton, IL). Samples were analyzed according to
AOAC methods for DM (Method 935.29), CP (Method 976.06), ADF (Method 973.18),
NDF (Method 2002.04), Starch (Method 920.40), NSC, Fat (Method 920.05), Ash
(Method 942.05), Ca, P, and K (Method 985.01).
Digestibility Measurements
The digestibility phase utilized chromium oxide (Cr2O3; Fisher Scientific;
Pittsburg, PA) as a marker for purposes of estimating apparent total tract nutrient
digestibility of DM, OM1 CP, ADF, NDF, hemicellulose, starch, and NFC. All forty calves
underwent the 10 day digestibility phase between 16 and 19 weeks of age. Cr2O3 was
dosed at 5 g/d and split into two doses to be administered in gelatin capsules. Capsules
were given orally twice daily at 080Oh and 200Oh for 10 d. Diet TMR and feed refusal
32
(ort) samples were taken for 4 consecutive days, starting 2 days prior to fecal sampling.
Fecal grab samples were collected for 5 consecutive days every 12 hours in order to
represent a 24 hour period (d 6 - Oh and 120Oh; d 7 - 0230am and 143Oh; d 8 - 050Oh
and 170Oh; d 9 - 073Oh and 193Oh; d 10 - 1000h and 220Oh).
Representative samples of the experimental TMR were taken on d 4-8 just prior
to feeding (from mixer). From d 5-9, ort samples were taken just prior to feeding from
each calf's bin. Samples were composited by calf then dried to approximately 90% DM
in a forced hot-air convection oven (VWR Scientific Inc.; Westchester, PA), ground to
pass through a 1-mm screen using a Wiley Mill, and stored in glass jars. Fecal samples
were composited by calf as taken and frozen (-200C) for later analysis. Composited
samples were thawed at room temperature, mixed, and placed in drying pans. The entire
sample was dried in a forced hot-air convection oven at 60°C for 72 h, ground to pass
through a 1-mm screen, and stored in glass jars. All composited feed and fecal samples
were analyzed for Cr (Williams et al. 1962; Binnerts et al. 1968) and all nutrients
according to AOAC methods by AgriKing Inc. Total Cr measured in the feces was used
to determine total fecal output. Total tract digestibility (apparent) coefficients for DM, OM,
CP, NDF, ADF, hemicelluloses, starch, and NFC were calculated using the following
equation (Church, 1988):
Marker consumed fg/d) ^ ,__ , , „= Fecal DM output (g/d)Marker Concentration in feces (g/g DM)
' % Marker in feed % Nutrient in feces/ t t \ ^. ., .,. c ????100 - I ? -r—t = Digestibility of nutrient (%J\% Marker in feces % Nutrient in feed /
Nitrogen Retention Measurements
Twenty calves (5 from each of the 4 treatments) underwent a N retention
experiment during the last 3 d of the 10 d digestibility study (d 7-10). Urinary catheters
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were used for the 3 d total urinary collection. Calves were housed in a ventilated barn
designed for ease of total collection. The barn contained 6 tie-stalls designed for post-
weaned calves, heavily bedded with shavings, with ad libitum access to feed and water.
Calves had enough space to lie down, but they were unable to turn around in order to
keep catheters secure. An area behind the calf was allocated for collection of feces, and
collection jugs were secured below to allow gravity flow of urine. Due to inability to
successfully capture feces in this housing, total fecal output was estimated using the
Cr2O3 marker. Calves in this experiment were fed once daily at 0800 h. They were also
monitored daily for any sign of sickness or bladder infection. As a preventative measure,
all calves were given 3cc of penicillin (300,000 units/ml; Agri-Cillin®; Agri Laboratories,
Ltd.; St. Joseph, MO) daily for the 3 d period to lessen the risk for bladder infections.
Calves were catheterized using Foley catheters (55 cm; 10, 12, or 14 French; Webster
Veterinary Supply; Sterling, MA) during the morning of d 1 by the experiment station
veterinarian, and collection began at 0200h. Catheters were connected to flexible plastic
tubing and secured with tag cement to the calves' side to prevent removal. The tubing
flowed with gravity through a stopper and into a collection jug. Collection jugs were
changed and weighed for volume (Scale model #393; serial #0741-39340; Bonso
Electronics Ltd.) every 6 hours throughout the collection period (d1 - 200Oh; d2 - 0200h,
0800h, 140Oh, 020Oh; d3-0200h, 080Oh, 1400h, 020Oh; d4-0200h, 080Oh, 1400h).
Two 40 mL samples were stored in 4 M HCL to reduce pH to <2 at all sample points for
later N analysis. One 25 mL sample was taken at 080Oh and 200Oh and stored in 4 M
HCL to reduce pH to <2 for later creatinine analysis. Samples were then allowed to cool
for 6 h before freezing (-20°C) for later analysis.
The 40 mL samples were sent out to be analyzed in duplicates for N
concentration (Agri-King, Inc., Fulton, IL). Nitrogen concentrations for each time period
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during the collection were then calculated using the total volume measured at each
sample point for the 3 d collection. Nitrogen concentrations of feces can be calculated
using total volume and analysis of N from Cr2O3 marker results. By utilizing feed
samples, urine N output, and fecal N output, total N retention was calculated for the 3 d
period according to the following equation:
N in feed (g/d) - N in orts (g/d) - N in feces (g/d) - N in urine (g/d) = Total N retained (g/d)
In addition, the 25 ml_ urine samples were analyzed for creatinine measurements
(University of Nebraska; Lincoln, NE). Urine spot samples were also collected for
creatinine analysis from the remaining 20 calves that underwent the digestibility
experiment only. If proven effective, this will be used to determine potential urine output
and subsequently total N retention of all calves on study.
Urine Analysis
The methods for creatinine and purine derivative (PD) analysis and the
calculations used to estimate urine output and microbial CP passage to the small
intestine were modeled after Kelzer et al. (2009). Urine samples were thawed, diluted,
and analyzed for the purine derivatives (PD) of allantoin, uric acid, xanthine, and
creatinine by HPLC (Waters Corp., Milford, MA) at University of Nebraska according to
the procedures of Shingfield and Offer (1999). Thè ratio of PD to creatinine has been
used to indicate differences in microbial CP flow to the duodenum (Gonda, 1995;
Shingfield and Offer, 1999). Based on estimates of urinary excretion of PD, the microbial
protein supply was estimated according to the method of Chen and Gomes (1992).
Creatinine concentration in urine was used as a marker to estimate total volume of urine
output (Valadares et al., 1999; Leonardi et al., 2003). Total urine volume was calculated
by assuming that daily creatinine output averaged 28 mg/kg of BW, estimated by Whittet
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(2004). Previous research refers to similar daily creatinine outputs, ranging from 25-30
mg/kg of BW in lactating cows (McCarthy et al., 1983; Jones et al., 1990).
Body Weight and Skeletal Measurements
Wither and hip height (taken objectively by primary author with sliding scale
height stick with bubble level), body length (taken objectively by primary author with
measuring tape from point of withers to pin bone), BW (Scale model #708S serial
#17900-002; Cardinal Scale Manufacturing Co.; Webb City, MO), and BCS (taken
objectively by three unbiased evaluators; based on a 5-point scale, 1 = under-
conditioned, and 5 = overconditioned; Edmonson, et al. 1989) were recorded at the
beginning of the treatment period and once per week during the treatment period. In
order to divide the weekly measurements, calves entering the study Thursday through
Sunday were measured on Monday at 1 13Oh, while calves entering Monday through
Wednesday were measured on Thursday at 1 13Oh. Incidence of sickness among calves
was recorded, and a log of medications necessary was maintained.
Blood Sampling and Analysis
Blood samples from all animals were collected weekly at 1 13Oh, 3 h post-feeding
at the time of growth measurements, by jugular venipuncture into 10 ml vacutainer tubes
(Tyco Healthcare Group LP; Mansfield, MA). Samples were centrifuged (CentralMP4R;
International Equipment Company; Needham HTS, MA) at 3300 ? g at 5°C for 20 min.
Serum samples were then aspirated and frozen (-200C) for later analysis. Serum glucose
concentrations were measured in triplicate using the Wako Glucose Kit #439-90901
(Wako Chemicals USA, Inc.; Richmond, VA). Blood urea N was measured in triplicate
using the Blood Urea Nitrogen Kit procedure #535 (Sigma Chemical Co.; St. Louis, MO).
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Both methods were analyzed using the Beckman DU® 520 Spectrophotometer
(Beckman Coulter Inc.; Fullerton, CA).
Statistical Methods
Weekly DMI, BW1 skeletal measurements, BCS, ADG, feed efficiency (FE), blood
glucose concentration, and blood urea N concentration data were analyzed as a
randomized complete block design using the repeated measures determined in the
MIXED procedure of SAS® [Version 9.2; (SAS Institute, Inc., Cary, NC)] according to the
following model:
Y = µ + B¡ + ? + Wk + TWjk + kCijk + eijk
Where:
Y = the dependent variable,
µ = the overall mean,
B¡ = the random effect of block i (i = 1 ,... 10),
Tj = the fixed effect of the jth treatment (j = C, CTC, L, or LCTC),
Wk = the fixed effect of the kth week on study (k = 1 , . . . 1 4),
TWjk = the fixed effect of the interaction between the jth treatment
and the kth week,
k = the regression coefficient of the covariate C,
kCp = the value of the covariate variable for the lth calf, of the ith block, of the jth
treatment (I = 1,...4O), and
eijki = the residual error.
The model statement used to conduct the ANOVA included the fixed effects of
treatments (C, CTC, L, or LCTC), block, week, and the interaction between the treatment
and week. In this model, the random effect of calf within treatment subclass was used as
the error term for the effect of treatments. Residual errors were modeled using the first
autoregressive covariance structures. Bayesian information criterion was tested using
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the following three covariance structures: first autoregressive, compound symmetry and
unstructured (Littell et al., 1996). First autoregressive resulted in the smallest Bayesian
information criterion, and was therefore chosen for this model. Satterwaite-based
degrees of freedom were calculated using the Kenward-Roger option of the PROC-
MIXED (SAS, 2004). Least square means were determined for each treatment. The
PDIFF option in SAS (SAS Institute, Inc., 2004) was used to separate least square
means among treatments. Significance for treatment effects was declared at (P á 0.05)
and a trend in the data was declared at (P < 0.10). Covariate adjustment measurements
that were not significant (P á 0.10) were removed from the final model. Block effects that
were not significant (P < 0.05) were removed from the final model.
Apparent nutrient digestibilities, N retention, and purine derivative data were
analyzed as a randomized complete block design using the MIXED procedure of SAS
(SAS, 2004) according to the following model:
Y = µ + B¡ + Tj + e¡j
Where:
Y = dependent variable,
µ = the overall mean,
B¡ = the random effect of block i (i = 1 , . . . 1 0) ,
? = the fixed effect of the jth treatment (j = C, CTC, L, or LCTC), and
e¡, = the residual error
The model statement used to conduct the analysis of variance (ANOVA) included
the fixed effects of treatments (C1CTC, L, or LCTC). In this model, the random effect of
calf within treatment subclass was used as the error term for the effect of treatments.
Satterwaite-based degrees of freedom were calculated using the Kenward-Roger option
of the PROC-MIXED (SAS, 2004). Least square means were determined for each
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treatment. The PDIFF option in SAS (SAS, 2004) was used to separate least square
means among treatments. Significance of treatment effects was declared at (P ^ 0.05)
and a trend in the data was declared at (P < 0.10). Block effects that were not significant
(P < 0.05) were removed from the final model.
The Univariate Procedure of SAS was used to determine outlier samples in the
apparent digestibility and N retention data. Observations greater than 2.5 standard
deviations from the mean for each item analyzed were considered outliers and were
removed from the final statistical analysis of these measures. The results of the outlier
analysis indicated that two calves were removed from all apparent digestibility analyses,
and three calves were removed from the NFC apparent digestibility analysis. Possible
explanations for these outliers may be due to variation in effectiveness of the digestibility
marker used to calculate these measures or because the calf did not properly receive
the marker. The results of the outlier analysis also indicated that one calf was removed
from N retention analysis. Possible explanations may be due to variation in effectiveness
of capturing urine or due to possible inaccuracies in the digestibility marker used to
estimate N output in feces.
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RESULTS
Diet. DMI, Growth Measurements, Feed Efficiency, and Health
The ingredient composition and chemical analyses of the covariate diet and the
experimental diet are presented in Tables 3 and 4, respectively. Type B products of L
and CTC were tested during the study. Chlortetracycline resulted in 3.9 g of product/lb of
feed compared to an expected level of 4 g of product/lb of feed. Analysis of L resulted in
1072.5 g/T compared to an expected level of 1440 g/T. While CTC was measured to be
at the target level, L was low and calves may have received a lower dose of the
ionophore than intended.
Dry matter intake, BW, skeletal measurements, BCS, ADG, and FE observations
can be found in Table 5. Dry matter intake (DMI) was higher (P = 0.02) for CTC-
supplemented calves (3.47 kg/d) when compared to the calves on treatments L (2.91
kg/d) and C (3.14 kg/d). DMI was lower for calves supplemented with L versus LCTC
(3.28 kg/d) supplementation (Figure 2). Body weight (BW) was similar among treatments
for research calves (Figure 3). Average daily gain (ADG) showed a trend (P = 0.10) for
increased gains in CTC (0.96 kg/d) and LCTC (0.89 kg/d) supplemented calves when
compared to L (0.74 kg/d) supplemented calves. Lasalocid supplemented calves had
the shortest (P < .001 ) withers height (96.33 cm) compared to all other treatments;
98.15, 97.91, and 97.62 cm for C, CTC and LCTC, respectively (Figure 4). Treatments
had no significant effect on hip height and body length among research calves. Body
condition score (BCS) was higher (P < .0001) for CTC (2.5) and LCTC (2.5)
supplemented calves when compared to either L (2.4) supplemented or control (2.4)
calves (Figure 5). Feed efficiency (FE) was similar among treatments. There was no
trend for incidences of morbidity in calves on any treatment. Two calves, one
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supplemented with CTC and one control calf, were treated for moderate diarrhea with
penicillin while on study.
Apparent Total Tract Nutrient Digestibilities and N Retention
Apparent nutrient digestibilities for DM, OM, ADF, NDF, hemicellulose, starch,
and NFC are provided in Table 6. There were no significant differences among
treatments for any of the digestibilities measured. N retention values were similar among
all treatments and results are presented in Table 7. Average N retention for all calves
was 23.1 g/d. Treatment estimates of microbial crude protein (MCP) flow to the
duodenum averaged 157.1 g/d ± 9.7 g/d (Table 6). Allantoin, creatinine, and uric acid
values did not differ among treatments, and mean values were 15.8, 13.2, and 3.5
mmol/L urine, respectively (Table 6). Daily urine output estimations from urinary
creatinine concentrations were found to be inaccurate when compared to actual 3 d
urine output from total urine collection of 20 research calves (Figure 8).
Blood Measurements
Weekly blood samples for average blood glucose concentration and average
blood urea N concentration indicated no difference between treatments during the
experiment (Figure 5, Figure 6). Mean blood glucose concentrations for each treatment
were 91 .4, 89.2, 92.6, and 92.8 mg/dl for C, L, CTC, and LCTC, respectively. Glucose
concentrations for all treatments averaged at 91.5 mg/dl. Mean blood urea N
concentrations for each treatment were 30.2, 30.1, 29.9, and 30.3 mg/dl for C, L, CTC,




A high forage diet (81.7%) was formulated to reflect a typical dairy heifer diet but
also to enhance the action of ionophore supplementation. Ionophores are capable of
increasing propionate and reducing ammonia in the rumen, and this may help limit
ammonia production and enhance efficiency of utilization when high forage diets,
specifically hay crop silage or pasture, are fed (McGuffey et al., 2000; Russell and
Strobel, 1989). Several studies reported increased action of lasalocid when high forage
diets were consumed by ruminants (Thonney et al., 1981 ; Yang et al., 2003). Calves
supplemented with L in the current experiment experienced decreased DMI compared to
CTC and LCTC treatments, and these results agree with the decreased intakes often
associated with ionophore supplementation. A data analysis of almost 16,000 beef cattle
indicated that cattle supplemented with monensin consumed 6.4 % less feed than
control cattle (Goodrich et al., 1984). However, there seems to be a difference in this
effect when feeding the ionophore, lasalocid. Thonney et al. (1981) reported that cattle
supplemented with monensin consumed less DM than cattle supplemented with
lasalocid. When ranked according to consumption in a taste preference study, dairy
heifers did not differentiate between lasalocid treatments and control (Erickson et al.,
2004). Steen et al. (1992) also observed similar DMI between lasalocid supplementation
and control for Holstein heifers. This literature is in agreement with the current study
where no difference was found between DMI of the control and L treatment. The higher
DMI for calves supplemented with CTC is consistent with most of the literature. An early
study notes calves, from 1 1 7d to 20Od of age, had increased feed consumption when
supplemented with CTC and attributes the cause to CTCs selective action on bacteria of
the Gl tract to improve overall health and increased appetite (Jacobson et al., 1952).
This age group is similar to the current experiment and could be a good indicator for why
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calves had increased growth measures with any treatment that contained CTC when
compared to the L only treatment. Another experiment notes CTCs effect on recently
transported young cattle, citing increased feed consumption and subsequently growth
rates (Perry et al., 1986). Young dairy cattle face similar stressors during weaning,
transport to group housing, and changes in diet composition. If calves on the current
study struggled with the transition to free-stall housing and Calan feeding doors, CTC
could have helped to improve intake and overall growth when compared to control or L
treatments.
There were no differences in mean BW, however, there was a trend for higher
average daily gains for CTC and LCTC treatments compared to L. This may be a direct
result of the increased intakes observed in calves with treatments containing CTC, as
noted by Bush et al. (1959). A study done in calves of the same age as the current
experiment also observed an increase in average daily gain with CTC supplementation
(Jacobsen et al., 1952). Withers height was lowest for the calves on L treatment. While
the response could be related to lower intakes, additional theories have been reported in
past research. Rusoff et al. (1954) observed increased bone metabolism in all
treatments containing CTC, specifically in height at withers which is a key indicator of
skeletal growth. Additionally, Landagora et al. (1957) reported increased overall body
growth, bone and muscle weights, and suggested that CTC may have an endocrine
effect by enhancing growth hormone and subsequently overall tissue metabolism for
growth. While L-supplemented calves experienced decreased withers height and CTC
and LCTC calves experienced similar withers height when compared to control, results
in the current study, may be due to the decreased DMI of L-supplemented calves or the
increased tissue metabolism of the calves supplemented with CTC. Body condition
score was highest for CTC and LCTC treatments when compared to control and L. While
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much of the past research did not focus on this component, these results may be
indicative of CTCs ability to enhance intake and growth of calves.
Apparent total tract nutrient digestibilities were similar among all treatments in
this experiment. Much research has suggested that lasalocid and other ionophores are
capable of altering efficiency of energy metabolism by ruminai bacteria and the animal,
and they have shown the ability to improve N metabolism by ruminants (Bergen and
Bates, 1984). Therefore, many researchers have been interested in the effect of
ionophores on nutrient digestibility by the animal. A statistical analysis of lasalocid
studies revealed an increase in apparent digestible energy of 2.0%, but the author notes
that diet and species of ruminant may play a role (Spears, 1 990). However, studies with
lambs (Yang et al., 2003, Ricke et al., 1984) and a study with Holstein steers (Wessels
et al., 1996) saw no significant differences in apparent total tract digestion of nutrients
when animals were supplemented with lasalocid. These experiments are similar to the
results of the current study indicating no difference in digestibility among treatments of
C, L, CTC, or LCTC. Much research focused on supplementation of CTC to dairy calves
also suggests little impact on overall digestibility of feedstuffs (Bush et al., 1959; Visek,
1978). Only one early study reported an increase in DM and apparent N digestibility of
CTC-supplemented calves (Hungate et al., 1955). In the current experiment, no
differences were seen in N retention of calves on any treatment. Russell and Strobel
(1989) suggested that ionophores could potentially reduce proteolysis and deamination
in the rumen leading to a larger portion of protein that reaches the small intestine.
However, Wessels et al. (1996) who observed no alteration in protein degradation within
the rumen or post-ruminal flow of amino acids when lasalocid was supplemented. Brown
et al. (1960) also reported no changes in N balance when supplementing calves with
CTC and varying protein levels in the diet, and Klopfenstein et al. (1964) indicated
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similar results. The results from the current experiment also found no effect of L or CTC
on digestibility of CP or utilization of N. No published research is available on the effects
of the combination of L and CTC on digestibility and N measurements of cattle.
Creatinine concentration in urine was not an accurate method to estimate total
urine output, and subsequently an estimation of urinary N excretion, in this experiment
(Figure 8). Therefore, N retention was only calculated for the 20 calves that underwent
the 3 d total collection of urine. It is important to note that no published studies are
available on estimating urine output from growing heifers; however, the results of this
experiment disagree with lactating cow studies that verify the ability to estimate urine
output by a function of creatinine concentration and body weight (Kelzer et al., 2009;
Leonardi et al., 2003; Valadares et al., 1999). The reason may be related to changes in
tissue metabolism that occur during growth, and concentrations of creatinine in tissues
and consequently urine could be variable during this stage which would result in
inaccurate estimations. Allantoin, creatinine, and uric acid values did not differ in the
current experiment, although there is no past research on these values with post-
weaned dairy heifers. Treatment effects of MCP were not tested because they are
predictions based on an algebraic equation, and the estimate contains only the error
associated with measurement of urinary PD (Firkins et al., 2006). Therefore the results
of the current experiment indicate no effect of treatments on MCP flow to the duodenum
in dairy calves.
The results of this experiment show no differences in blood urea N or blood
glucose concentrations when calves are supplemented with C, L, CTC, or LCTC. These
results are in agreement with previous research, and indicate little effect of lasalocid or
CTC on glucose or N metabolism. Quigley et al. (1992) saw no differences in either
parameter when they supplemented lasalocid to young bull calves. Paterson et al.
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(1983) reported no differences in mean blood urea N concentrations when
supplementing lasalocid in the diet of lambs. When supplemented with CTC, yearling




Chlortetracycline and lasalocid are often individually supplemented at different
times within a dairy heifer management program. The products are effective in improving
weight gain, feed efficiency, and health parameters with differing modes of action.
However, there has been limited research into the action of the combination of these two
feed additives on overall growth and development of dairy heifers. The results of the
current experiment indicate that CTC increases DMI, ADG, and body condition of post-
weaned heifers. Lasalocid supplementation decreased DMI, exhibited the shortest
withers heights, and decreased body condition compared to other treatments. There
were no differences among treatments for feed efficiency, mean body weights, additional
skeletal measurements, or blood concentrations of urea N and glucose. There were no
differences among treatments for apparent total tract digestibility of nutrients or N
retention, indicating little effect of the feed additives on conversion of nutrients to body
growth by these calves. Nearly all calves remained healthy throughout the experiment,
which could be attributed to proper management. While CTC alone had the most
positive impact on animal performance, the combination of CTC and lasalocid showed
increased growth parameters compared to lasalocid alone. The combination would be
beneficial in situations where lasalocid must be fed to control coccidiosis, but CTC would
improve the rate of weight gain and intakes of post-weaned dairy calves.
However, it was discovered at the conclusion of the experiment that the
experimental diet was contaminated with the medicated feed additive, monensin, via the
mineral ingredient used in the diet. The interaction between monensin and the feed
additives used in the experiment is unknown. It is important to consider the impact of this
contamination when interpreting the results of the experiment.
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Table 3. Ingredient composition of diets fed.
% of DM
__________________Item Covariate Experimental
Corn silage 38.6 27.5
Hay crop silage 22.8 47.1
Alfalfa hay 8.8 4.8
Corn meal 13.9 3.7
Distillers grain 5.7
Protein mix (soybean meal, canola meal, urea) 12.2 6.1
Soy-plus 3.2
Blood meal 1 .8
Mineral mix 1.9 1.9
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Table 5. Dry matter intake and growth measurements.
Treatment1
Item C L CTC LCTC SE P
DMI (kg/d) 3/F Z96 3^1 3Ì35 07Î3 0.02
Body weight (kg)
Initial 81.1 78.0 80.0 84.6 2.52 0.33
Average 114.8 109.9 116.7 116.4 2.92 0.34
Final 157.8 148.7 164.6 160.1 1.41 0.09
Hip height (cm)
Initial 96 95 94 96 0.75 0.28
Average 101 101 102 101 0.31 0.18
Final 107 108 109 109 1.02 0.59
Withers height
(cm)
Initial 91 ab 91 ab 88b 92a 0.77 0.03
Average 98a 96b 98a 98a 0.33 <0.01
Final 106 104 106 105 0.77 0.15
Body length (cm)
Initial 73 72 72 74 0.93 0.47
Average 80 75 80 81 2.29 0.21
Final 89 81 90 90 2.90 0.34
BCS2
Initial 2.2 2.1 2.2 2.2 0.42 0.25
Average 2.4a 2.4a 2.5b 2.5b 0.03 <0.01
Final 2.7ac 2.6bc 2.8a 2.8a 0.06 0.02
ADG (kg/d) 0.86 0.74 0.96 0.89 0.05 0.13
Feed efficiency 0.25 0.27 0.25 0.27 0.02 0.90
(kg gain/kg feed)
1Calves received experimental diet supplemented with: C = control, L = lasalocid,
CTC = Chlortetracycline, or LCTC = the combination of lasalocid and Chlortetracycline.
2BCS = body condition score.
^Means in the same row with different superscripts differ, P < 0.05.
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Table 6. Apparent total tract nutrient digestibilities, purine derivatives, and microbial CP.
Treatment1
Item C L CTC LCTC SE P
DM(%) 61.6 57.9 61.1 57.6 2.50 0.50
OM(%) 57.7 55.1 57.1 54.6 2.11 0.63
CP(%) 47.7 42.0 43.4 44.5 6.08 0.90
ADF (%) 36.4 29.5 32.9 32.6 6.86 0.87
NDF (%) 37.8 30.8 34.6 36.4 6.63 0.83
Hemicellulose (%) 40.7 37.6 36.5 41.4 6.32 0.92
Starch (%) 97.0 96.9 97.1 97.2 0.39 0.92
NFC (%) 76.6 73.1 76.0 71.9 2.79 0.54
Allantoin (mmol/L) 16.0 15.2 16.1 15.7 0.95 0.92
Creatinine (mmol/L) 13.2 13.1 13.2 13.5 0.48 0.94
Uric Acid (mmol/L) 3.6 3.6 3.6 3.4 0.09 0.59
MCP2, (g/d) 164.4 143.5 157.0 163.6 -3
1Calves received experimental diet supplemented with: C = control, L = lasalocid, CTC =
Chlortetracycline, or LCTC = the combination of lasalocid and Chlortetracycline.
2Microbial CP as estimated by Chen and Gomes (1992).
Statistical test of treatment on microbial CP production was not conducted because
values were an estimated concentration of PD.
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Table 7. N retention measurements.
Treatment1
Item C L CTC LCTC SE
N intake (g/d) 92.1 82.5 81.8 85.4
Apparent N digestibility (%) 47.7 42.0 43.4 44.5
Fecal N (g/d) 35.7 35.1 34.7 35.3
Urinary N (g/d) 28.0 26.9 26.9 27.0
Total N excretion (g/d) 63.6 62.0 61.6 62.2
N retention (g/d) 28.5 20.5 20.3 23.2 4.64 0.50
1Calves received experimental diet supplemented with: C = control, L = lasalocid, CTC =
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